INTRODUCTION
The removal of arsenic in drinking water poses a major challenge for researchers. Low level exposure of arsenic causes severe problems like chronic and carcinogenic effects (Chen et al 2010) . In view of the high toxicity of arsenic, world bodies like US EPA and WHO have set a Agriculture waste and wheat straw were used for the preparation of magnetic bio-adsorbent and the same was used for the removal of arsenic (Tian et al 2011) . Fe-Ce bimetal oxide nanoparticles were used as adsorbent and they exhibited maximum adsorption capacity compared to monometal oxides (Zhang et al 2005) . The mixed metal oxide viz., Al 2 O 3 and TiO 2 was used both as photocatalyst to oxidize As(III) to As(V) and adsorbent. It showed maximum adsorption when compared to individual metal oxide (Yamani et al 2012) . Amine functionalized magnetic materials were reported to exhibit great potential for the separation of heavy metals and bacterial pathogens in drinking water (Wang et al 2010 and Huang et al 2010) .
Chandra et al (2010) synthesized magnetic iron oxide nanoparticles hybrid with graphene. This hybrid material showed high arsenic removal due to enhanced adsorption sites in graphene oxide, and easy separation from the solution. Recently, glycidyl methacrylate resin immobilized on tetraethylenepentamine was used as an anion exchange resin for efficient removal of As(V) (Donia et al 2011) . Tetraamine functionalized with cellulose was also reported as an efficient anion exchanger for arsenic from aqueous solution (Anirudhan & Jalajamony 2010). The advantages of magnetic nanoparticles such as efficient removal and easy separation prompted to consider iron oxide as the core, and used as ion-exchanger and adsorbent for arsenic in water.
In this chapter, a low cost functionalized magnetic Fe 3 O 4 nanostructure is presented for efficient removal of arsenic. Magnetic nanoparticles were shelled with SiO 2 to obtain core-shell Fe 3 O 4 @SiO 2 nanoparticles. They were functionalized with (3-aminopropyl) trimethoxysilane and then the amine functionalized Fe 3 O 4 @SiO 2 were crosslinked using 1,2-bromochloroethane. The resultant product yielded nanorod structures. Such nanorods have not been reported so far in the literature. The removal efficiency of arsenic by adsorption and ion-exchange over nanorods was monitored using ICP-OES. The adsorption capacity, kinetics, stability and reusability of the nanorods are attempted in this work.
PHYSICO-CHEMICAL CHARACTERIZATION OF ADSORBENT

X-ray Diffraction (XRD)
The XRD pattern of Fe 3 O 4 nanoparticles is shown in Figure 3 .1a.
The intensity of reflections was low and their width was high. Using full width at half maximum (FWHM) for the patterns (311) and (440) The FT-IR spectrum of Fe 3 O 4 nanoparticles is shown in Figure 3 .2a.
The broad envelope in the high energy region was due to adsorbed water.
It was also confirmed by its bending vibration close to 1620 cm -1 . In the low energy region there were two peaks at 432 and 589 cm -1 which were due to 
Rods of different dimensions were seen due to crosslinking of amino groups. This observation precluded dense amine functionalization of each nanoparticle. Hence the defective Si-OH groups might not be dense on each particle. Amine functionalization again required close positioning of three Si-OH groups, which was less probable. If amine funtionalization was dense, then the resulting material could be a bulk solid rather than a rod. Thus the appearance of rod clearly proved only a fewer functionalization. The surface of the rods was not smooth. The presence of fine particles on the surface was evident from the images, and these particles might be unfunctionalized with amine. As the particles were unevenly deposited on the rods, it indicated that the rods might have grown at different time interval.
The formation of rods was important as it provided highly porous fibrous network through which water can easily pass. Such a fibrous network is therefore important for adsorption and ion-exchange of arsenic ions from aqueous solution.
Transmission Electron Microscopy (TEM)
The TEM images of The rods were of different sizes. There were also some free particles without forming such rods. formation of voids between particles. Thus the textural parameters proved that MCSNs could be a novel material for adsorption applications. Although the saturation magnetization of MCSNs was found to be 21.24 emu/g, it was found to settle the composite powder using a hand held magnet. and the linear expression is given in Equation (3.4) log q e = log K f + 1 log C e (3.4) n where q e is the equilibrium adsorption capacity, C e is the equilibrium concentration of arsenic (mg/L), K f and n are Freundlich constants, which are related to adsorption capacity of the adsorbent and adsorption intensity. From Equation (3.4), K f and 1/n values were determined experimentally from the slope and intercept of the linear plot of log q e versus log C e (Figure 3.10) . The values of various parameters of both isotherm models and correlation coefficients are given in Table 3 .2. The experimental data fitted well with Langmiur isotherm with a linear correlation coefficient of 0.9957. The maximum adsorption capacity over MCSNs at 30 °C was found to be 16.58 and 46.01 mg/g for As(III) and As(V) respectively. The value of Freundlich constant is higher than one, which indicated favorable adsorption condition for arsenic on the nanorods.
Ground water containing an initial concentration of 7 mg/L of arsenic upon treatment with MCSNs (0.5 g/L) for 10 min, the residual concentration of arsenic was found to be less then 10 g/L. This confirmed the applicability of nanorods to bring down the arsenic content in drinking water below the tolerance limit of 10 g/L. Thus the nanorods were proved highly efficient for fast adsorption of arsenic due to high surface area.
Adsorption Kinetics
The adsorption kinetics of As(III) and As(V) on MCSNs at pH 7 is shown in Figure 3 .11. It clearly revealed that adsorption and ion-exchange were very rapid in the first 5 min and then showed a minimum increase until the attainment of equilibrium. Compared to other material it showed fast rate of adsorption. So this material could be used as a novel ion-exchanger and adsorbent for practical applications. The adsorption kinetic of arsenic fitted well with pseudo-second order kinetic model with a correlation coefficient of 0.999 as shown in Table 3 .3. The linear form (Gupta et al 2008) of the model is given in equation 3.5.
where q e and q t are the equilibrium adsorption capacity (mg/g) and adsorption capacity (mg/g) at time t and k 2 is pseudo second order adsorption rate constant (g mg -1 min -1 ). The q e and k 2 values were determined from the slope and intercept of the kinetic plot of t/q t versus time as shown in Figure 3 .12. The q e obtained from the calculated value fitted well with experimental values. This demonstrated that the adsorption process followed pseudo second order kinetics. 
Effect of pH
The effect of solution pH (2 to 9) on the removal of As(III) and As(V) was studied over MCSNs and the results are depicted in Figure 3 .13.
The pk a values of As(III) (pk a1 = 9.23, pk a2 = 12.13 and pk a3 = 13.4) and As(V) (pk a1 = 2.3, pk a2 = 6.97 and pk a3 = 11.53) (Fan et al 2011) played an important role in the ion-exchange and adsorption on MCSNs. As(III) removal was found to be low and steady in the pH range 2-9 due to unionized state of As(III). The unionized form of As(III) (H 3 AsO 3 ) might not be ion-exchanged even though the pH was less than pK a1 (9.23). The amount of As(III) removal was found to be 11 mg/g due to adsorption of As(III) on silanol group. group (R-NH + 2 -R) present in MCSNs as well as electrostatic attraction between As(V) and MCSNs.
Effect of Interfering Anions
The efficiency of arsenic removal from water in the presence of other anions such as phosphate, sulphate, nitrate, chloride and fluoride was studied at pH 7, and the results are depicted in Figure 3 .14. The phosphate anion showed maximum interference for arsenic adsorption on the nanocomposite compared to other anions. Phosphate anion showed maximum interference due to similarity in molecular structure and pK a values. The order of competiting anions is:
phosphate> sulphate>nitrate>chloride>fluoride. 
CONCLUSION
The precursors used for the preparation of MCSNs are cheap and can be prepared easily. The MCSNs was found to be good for the removal of As(III) and As(V) from aqueous solution. The porous and high surface area (335 m 2 /g) of MCSNs can be used for the removal of arsenic in trace quantities. Since the material was stable and carried magnetic Fe 3 O 4, it was recyclable for many cycles. The ion-exchange and adsorption were fast and equilibrium reached within five minutes. The removal of arsenic was high due to protonation of amino groups and presence of more number of adsorption sites. Since it is a highly porous material, treatment of water can be carried out without any diffusion problem. It can also be applied for the removal of other hazardous anions in aqueous solution. The interference of other ions in aqueous solution for adsorption of As(III) and As(V) was not significant.
